tive agents, was carried out as a prerequisite for stable transformation. This has resulted in the successful transfer of reporter genes into oil palm and the regeneration of transgenic oil palm, thus making it possible to improve the oil palm through genetic engineering. Besides application of the Biolistics method, studies on transformation mediated by Agrobacteriurn and utilization of the green fluorescent protein gene as a selectable marker gene have been initiated. Upon the development of a reliable transformation system, a number of useful targets are being projected for oil palm improvement. Among these targets are higholeate and high-stearate oils, and the production of industrial feedstock such as biodegradable plastics. T h e efforts in oil palm genetic engineering are thus not targeted as commodity palm oil. Due to the long life cycle of the palm and the time taken to regenerate plants in tissue culture, it is envisaged that commercial planting of transgenic
Introduction
T h e challenge that the oil palm industry in Malaysia will face in the 21st century is the ability to maintain profitability in the face of labour shortage and limited land resources. Furthermore, in the years to come, the demand for palm oil is expected to increase. Due to the increased demand and land limitation, it is important to increase the yield and quality of palm oil faster than has been achieved by conventional breeding. Palm oil has a long generation time (7-10 years) and present planting materials are derived from a narrow gene pool, which restricts the introduction of new traits. On the other hand, approx. only +5 years are required to produce transgenic plantlets carrying a new trait. Taking into account the requirement for back-crossing in conventional breeding, genetic engineering could save 80-90°, of the time required for introducing a new gene/trait into oil palm [l] .
T h e primary goal for genetic engineering of oil palm is to increase oleic acid content at the expense of palmitic acid [2] . Besides increasing oleic acid, modification of fatty acid composition and production of novel high-value products have also been targeted [3] . T w o main targets are oil palm producing high stearic acid and oil palm synthesizing biodegradable plastics (polyhydroxy butyrate).
Production of transgenic oil palm
Biolistic method Introduction of a foreign gene into plant cells requires the optimization of physical and biological parameters that affect the entry of DNA. In oil palm, the condition for delivering DNA into embryonic calli has been optimized successfully based on transient GUS gene expression [4, 5] . . Kanamycin, geneticin (G418), neomycin and hygromycin antibiotics and the herbicide Basta'* were tested as selection agents to inhibit growth of untransformed cells. Hygromycin and Basta'* were found to be most suitable as selection agents for oil palm [7] .
Embryogenic calli were bombarded using the optimized conditions and were exposed to 40 and [1, 9] . This is the first reported success in the production of transgenic oil palm free from chimaerism. This success makes feasible any plan to manipulate oil palm by genetic engineering.
Development of an Agrobacterium-mediated transformation method
Progress of this method on oil palm is still at an early stage. Immature embryos aged 11-1 2 weeks after anthesis were transformed with pCAMBIA 1301 (gusA and hpt genes driven by 3 5 S promoter)
[ 101 using the sonication-assisted Agrobacteriummediated transformation method [ 1 11. Cell-wall disruption caused by ultrasonic energy may aid in the production of certain phenolic signals in plant cells, which would enhance the accessibility of a putative cell-wall-binding factor to the bacterium. 
Production of high-oleic acid oil palm
Since the primary aim of the oil palm geneticengineering programme was to decrease palmitic acid and increase oleic acid, a pertinent question to be answered is why palmitic acid accumulates in the oil palm, resulting in a 44% palmitic acid content. Based on the fatty acid composition of palm oil and the fatty acid biosynthesis pathway common to all plants, the following postulation was made : (i) P-ketoacyl-acyl carrier protein (ACP) synthase I1 (KAS 11) activity is ratelimiting in the oil palm mesocarp, resulting in a 'bottleneck' of palmitic acid ; (ii) thioesterase activity towards palmitoyl-ACP is very high, resulting in release of palmitic acid and (iii) oil palm mesocarp contains an active stearoyl-ACP desaturase, thus most of the stearoyl-ACP formed is effectively desaturated to oleic acid [3] . Therefore, two approaches were considered for channeling palmitic acid further along the pathway to produce more oleic acid: (i) increase KAS I1 activity and (ii) reduce thioesterase activity towards palmitoyl-ACP. Transformation of oil palm with a sense copy of KAS I1 and an antisense copy of palmitoyl-ACP thioesterase under the control of a mesocarp-specific promoter will be carried out once the genes are made available.
Increase in stearic acid
Oil palm contains an active A9-stearoyl-ACP desaturase (A9SAD), which effectively desaturates steoryl-ACP into oleoyl-ACP. Therefore, by introducing an antisense copy of the A9SAD gene, stearic acid could accumulate in the oil palm. T h e A9SAD gene was recently isolated from oil palm [ 141. Construction of transformation vectors carrying a partial antisense copy of the gene has been successful. Transformation of the constructs into oil palm callus has just been initiated.
Production of biodegradable thermoplastics
In bacteria, PHB (polyhydroxy butyrate) is derived from acetyl CoA by a sequence of three enzymatic reactions. T h e first enzyme, 3-ketothiolase, catalyses the reversible condensation of two acetyl-CoA moieties to form acetoacetyl-CoA. Acetoacetyl-CoA reductase subsequently reduces acetoacetyl-CoA to D-( -)-3-hydroxybutyryl-CoA, which is then polymerized by the action of PHB synthase to form PHB [15] . Production of P H B in plants [16-181 makes it possible to produce P H B on a large scale. Introduction of these genes into oil palm may lead to the accumulation of P H B in oil palm tissues. Collaboration between MPOB, Malaysia and the Massachusetts Institute of Technology to introduce the three genes into oil palm was initiated in 1999 [19] . This project, which involves a number of research institutions, universities and companies in Malaysia, is coordinated by the National Biotechnology Directorate under the Ministry of Science, Technology and the Environment of Malaysia. Production of constructs carrying the PHB-synthesizing genes are in progress.
Introduction
T h e castor bean produces an oil of unique composition: up to 90°,, of the fatty acid content is ricinoleate (1 2-hydroxy-oleate). As a result of its physical and chemical properties, castor oil and products derived from it are used for numerous bio-based products, including lubricants, paints, coatings, plastics and anti-fungals. However, the presence of the toxic protein ricin and highly allergenic storage proteins are serious obstacles to growing and processing castor [l] .
Results and discussion
Oleoyl-12-hydroxylase is the enzyme directly responsible for synthesis of ricinoleate. However, transgenic plants expressing the gene for this enzyme produce limited amounts of hydroxy fatty acid [2]. T o aid in development of transgenic substitutes for castor, we are using H P L C analysis of products resulting from incubation of labelled substrates with castor bean microsomes to determine which steps in the pathway lead to accumulation of ricinoleate in the oil. This process has allowed us to identify other enzyme activities from castor that lead to the high level of ricinoleate in its seed oil, and our findings are summarized in Key words: oilseed. ricinoleate, Ricinus comrnunis. triacylglycerol. Abbreviations used: PC, phosphatidylcholine; PE, phosphatidylethanolamine; LPCAT. lyso-phosphatidylcholine acyltransferase. 'To whom correspondence should be addressed (e-mail tmckeon @pw.usda.gov).
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Scheme 1 [3] . T h e steps leading to high production of ricinoleate and incorporation into triacylglycerol include : (i) lyso-phosphatidylcholine acyltransferase (LPCAT), which transfers oleate from oleoyl-CoA into the sn-2 position of phosphatidylcholine (PC) for hydroxylation; (ii) oleoyl-12-hydroxylase, which hydroxylates the sn-2 oleate to form sn-2 ricinoleoyl-PC for hydrolysis ; (iii) phospholipase A,, which preferentially removes ricinoleate from the sn-2 position and releases lyso-PC for re-incorporation of oleate by L P C A T ; (iv) diacylglycerol acyltransferase (DAGAT) preferentially incorporates ricinoleate to form diricinoleins and triricinolein.
On addition of ['4C]oleoyl-CoA to castor microsomes, most of the label goes rapidly into PC, but some also goes into phosphatidylethanolamine (PE) [4] . It has been shown that sn-2 oleoyl-P C is a substrate for the oleoyl-12-hydroxylase [3, 5] . Since PE is similar in structure, we have examined the possibility that sn-2 oleoyl-PE may also be a substrate, and found that it is not a substrate for hydroxylation or desaturation [6] .
As an alternative approach for providing a safer source of castor oil, we are also evaluating the potential for reducing the hazardous content of the castor bean. Although lower ricin strains have been bred [7] , the ricin and allergens remain at an unacceptably high level.
Workers who handle castor or castor meal are subject to severe immune reactions, including debilitating hives and asthma. T h e CB-IA fraction of castor bean extract was identified in 1943 as the source of the potent allergen present in castor bean. Recently, the 2 S albumin that is part of the CB-1A fraction was identified as the major allergen of castor bean, with 96% of hypersensitive patients having IgE that binds the protein [8]. T h e 2 S albumin is a glycoprotein composed of two dimeric proteins that are derived from the same
